Abstract: Foreign-body aspiration in children results in diagnostic problems, mainly because of nonspecific signs. Therefore, in this study, we placed particular stress on false-positive and -negative predictors. Charts of 139 consecutive paediatric patients aged 6.0 months to 15.5 years who underwent bronchoscopy for a suspected foreign body aspiration were analysed retrospectively. A foreign body was found in 95 cases (68%). The anamnesis was positive in 91%. Cough was the most common clinical symptom (91%) with a sensitivity and specificity of 94% and 23%, respectively. There were no significant correlations between clinical symptoms and the locations of foreign bodies. The majority of focal hyperinflation (24%) and atelectasis (15%) were seen in chest radiographs, with a sensitivity and specificity of 33% and 89% (hyperinflation) and 15% and 82% (atelectasis), respectively. Chest X-rays were normal in 46 cases; however, an object was removed in 25. Persistent infiltrates were present in 14 X-rays, and a foreign body was extracted during bronchoscopy in 4. A highly significant correlation between the type of foreign body and radiological signs was noted (p = 0.00001). Anamnesis, clinical symptoms, and radiological findings are helpful in confirming aspiration, but can be misleading. Chronic or recurrent pneumonia should prompt further bronchoscopic diagnosis.
Introduction
Foreign-body aspiration (FBA) can be a life-threatening problem. Suspicion of FBA should be high when there is a history of sudden choking and coughing or when the patient has chronic pulmonary infections or symptoms.
In such cases, bronchoscopy should be performed to search for a FB [1] . Poor coordination between swallowing and closing the glottis in children under 3 years of age causes frequent aspiration in this age group [2] .
A choking event is sometimes not witnessed by any adults. This results in obtaining an unclear history from parents, especially in the absence of clinical symptoms and radiological signs. Objects made of plastic, wood, rubber, and organic materials do not absorb X-rays and therefore are not visible during common diagnostic procedures; their presence must be concluded from indirect findings. Plain anteroposterior chest X-rays (CXR) and neck X-rays should be ordered in any case of suspected FBA. In doubtful cases, lateral projection and inspiration and expiration projections of the chest should be performed. In uncooperative children, it is easier to perform an X-ray in the supine position on the right and left sides with horizontal rays. During this procedure, the lower lung is forced to exhale. Sometimes CXR performed in the exhalation phase shows one lung with focal hyperinflation, which indirectly indicates the possibility of a FB on that side (air trapping due to ball-valve effect of FB with respiration). This problem concerns ~30% of patients [3] . In this study, we analysed predictors of FBA with particular stress on false-positives and -negatives, which may mislead clinicians during diagnosis of FB in the tracheobronchial tree.
Materials and methods
This study was approved by the Ethics Committee of the Medical University of Lublin (KE-0254/194/2009).
Data were collected in accordance with the International Statistical Classification of Diseases and Related Health Problems (ICD-10) from the medical records of the patients treated at Children's University Hospital of Lublin (a tertiary referral centre in southeast Poland). Our retrospective study involved 139 children with a history suggestive of suspected FBA who were referred for rigid bronchoscopy. The study protocol included anamnesis, age and sex, type and location of FB, clinical symptoms, and radiological evaluation.
Statistical methods
The results were analysed statistically using simple proportions, Pearson's χ 2 test, and Fisher's exact test, where appropriate. The sensitivity and specificity of the studied parameters were calculated. Statistical significance was set at p < 0.05. Multivariable tables were drawn. Statistica 8.0 PL (StatSoft, Inc.) was used for all statistical calculations.
Results
In total, 139 children aged 6.0 months to 15.5 years (mean age, 3.8 years) were enrolled in the study. The clinical history was positive in 127 children (91%); however, an exogenous object was removed bronchoscopically in 95 cases (68%). The sensitivity and specificity of witnessed aspiration were 96% and 18%, respectively. Fourteen patients included in the survey underwent a procedure despite a negative anamnesis because of chronic or recurrent pneumonia confirmed by CXR, and a FB was extracted in four of these cases. Three children underwent four consecutive bronchoscopy procedures, and a nut-like mass of residual purulent exudate was removed each time. The most common clinical symptom was cough (126 patients, 91%) followed by stridor (79 patients, 57%). Pain was reported in only eight cases, and in six, a FB was not found. The most frequent clinical symptoms according to the location of the FBs are presented in Table 1 . We found no statistically significant correlations between clinical symptoms and FB location. In the assessed population, suspicion of organic FBs (mostly parts of nuts) predominated (106 patients, 76%); however, such FBs were removed bronchoscopically in only 70 patients (50%). The presence of a radiolucent FB in the respiratory tract may result in indirect signs in CXR such as atelectasis, focal hyperinflation, side-shift of the mediastinum, and pulmonary infiltration. These sometimes appeared separately, and sometimes all of the above indirect findings were observed (Figures 1, 2) . In our study, CXR showed no aberrations in 48 patients (35%); however, a FB was successfully removed from the bronchial tree in 5 patients. A radiopaque object was visible on CXR in only 10 patients (7%). Indirect manifestations were seen in the remaining 81 CXRs (58%). Organic FBs (mostly nuts) appeared more often as indirect radiological findings or normal CXR findings ( Table 2) .
We noted a very highly significant correlation between the type of FB and the radiological signs (p = 0.00001). No organic object was radiopaque. Inorganic FBs were visible more often at CXR (10 of 37 suspected). Among patients with suspicion of organic FBA, CXRs were described as normal in 20 of 70 (29%).
Discussion
In this study, we evaluated the diagnostic criteria taken into account before the decision to perform rigid bronchoscopy for FB removal. A suggestive history is important for the diagnosis because in many cases, no one observes a choking child. Children may inhale objects without adult supervision. We demonstrated that even witnessed aspiration had a very high sensitivity (96%) but a low specificity (18%), which is in accordance with previous reports [4, 5] .
The percentage of removed FBs (68%) was comparable with some studies [6, 7] , but other researchers noted lower or higher rates (57.0%, 59.1%, and 91.3%) [2, 8, 9] . During bronchoscopy, objects were found most often in the right main stem bronchus followed by the left, as in most surveys [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] ]. An exception was found in two studies in which patients under 3 years of age inhaled FBs into the left bronchus slightly more frequently (51.4% and 55.0%) [17, 18] . The authors explained this finding by the fact that they were carrying their child in the left arm while trying to assist them. In this position, the toddler was involuntarily tilted slightly toward the left.
Coughing occurred in 126 patients (91%); other symptoms by frequency of occurrence were stridor, dyspnoea, and wheezing as reported by other authors [8] . Schmidt and Manegold reported fever as the predominant clinical symptom of a FB (46%), followed by pneumonia (39%) and coughing (29%) [13] . The clinical picture varies depending on how long the FB has been lodged. Patients in our study had fever only with accompanying pneumonia. Brkić noted that the presence of a FB in the airways is characterised by a triad of symptoms: coughing, wheezing, and decreased breath [8] . In our study, wheezing was heard without auscultation in 33% of patients, but in 58% of patients, there were auscultatory findings only. The sensitivity and specificity of the listed clinical symptoms in our study varied from those reported by other researchers. Cough and stridor had very high sensitivities (94% and 97%, respectively), whereas the specificities were low (23% and 5%, respectively). No parameters were found to be both sensitive and specific; similar results were reported by Cavel et al. [5] . CXR in the posteroanterior (in younger children: anteroposterior) and lateral projections is a basic radiological examination [1, 14, 20] . It assists with identification of radiopaque metallic objects (pins, coins, batteries, etc.). FBs were clearly visible on 10 CXRs (7%). In 81 cases, only indirect signs suggested the presence of a FB: mostly atelectasis, focal hyperinflation, and pulmonary infiltration [7] . Zerella et al. analysed the presence of FBs in the respiratory tract before bronchoscopy. They stated that abnormalities were visible in only 122 of 232 plain CXRs [20] . In other surveys, focal hyperinflation or atelectasis was the most frequently appearing indirect radiological finding [16] [17] [18] . Shifting of the mediastinum and a raised dome of the hemidiaphragm are signs secondary to air trapping. When we evaluated the radiological findings, the sensitivity of so-called normal CXRs was low (26%), which has been confirmed by other studies (28.2%). This indicates that more than 70% of the patients with normal CXRs had a FB in their airways [5, 19] . This is also why pulmonologists or paediatricians do not often suspect FBA even in chronic or recurrent bronchitis or pneumonias. We observed similar results in cases of pulmonary infiltrates (6.0% and 4.3%, respectively). In our survey, the sensitivity of the other radiological signs, focal hyperinflation and atelectasis, equalled 33% and 15%, respectively, while other authors reported 63.8% and 8.0%, respectively [20] . The specificity of all radiological signs listed in Table 2 was high and the sensitivity was quite low, which was confirmed by other studies [5, 6] . In some centres, computed tomography is undertaken to confirm (or exclude) the presence of a FB [5] . Because of its higher X-ray dose, we do not use it unless there is an urgent need.
According to our findings, a lack of clinical symptoms should not prevent further radiological diagnosing (CXR) and bronchoscopy. We noted that amongst 48 CXRs with no trace of pathology, we also found false-negative results: in 5 children, FBs were eventually removed during bronchoscopy. Similar experiences have been reported in the literature [21] . When organic FBA is suspected, indirect CXR findings may help in the diagnostic process. A chest radiograph with no trace of pathology does not preclude the possibility of a FB lodged in the bronchial tree, especially when a chronic or recurrent infection of the lower respiratory tract is present. We recommend rigid bronchoscopy as a golden standard in all paediatric patients with a suspicion of FBA, especially when accompanied by at least one of the following symptoms: witnessed choking, wheezing, persistent cough, chronic or recurrent bronchopneumonia, or positive radiological findings suggesting a FB.
